Introduction
Several techniques, some previously applied to binary systems, have been recently improved to obtain the mass of planetarysize objects. They include radial velocity (RV) measurements (Mayor & Queloz 1995; Santerne et al. 2012) , accurate astrometry (Muterspaugh et al. 2010; Lazorenko et al. 2011) , microlensing (Mao & Paczynski 1991; Gould & Loeb 1992) , transittiming variations (e.g. Holman et al. 2010) , or light-curve modulations (e.g. Borucki et al. 2009 ). Because of its easy applicability to a wide range of masses, the RV method has been the most popular in the past two decades. Currently, thanks to the unprecedented accurate photometry obtained by the Kepler telescope, several studies have confirmed the light-curve modulations produced by extrasolar planets (e.g. Borucki et al. 2009; Shporer et al. 2011; Quintana et al. 2013) . The modelling of these modulations can provide the mass of the bound object, which makes it an alternative method with to confirm its planetary nature. Lillo-Box et al. (2014b) used this photometric technique (together with a careful characterisation of the host star) to establish the planetary nature of the object transiting the star Kepler-91 (KOI-2133 or KIC 8219268) . It was detected by the Kepler mission (Borucki et al. 2011 ) and announced as a planet candidate in the second release of the mission on February 2012 (Batalha et al. 2013) . The exhaustive analysis of the light-curve modulations, transit dim, and asteroseismic signals performed by Lillo-Box et al. (2014b) However, two studies (Esteves et al. 2013; Sliski & Kipping 2014 ) claimed a possible non-planetary nature for this system. Both papers suggested that it might instead be a self-luminous (and thus star-like) object. Based on transit-fitting analysis and a claimed detection of the secondary eclipse, Esteves et al. (2013) concluded that the object emits light so they rejected it as a planet. In contrast, Angerhausen et al. (2014) provided a highlevel analysis of the entire light-curve (encompassing all available Kepler observations). They detected several dimmings in the phase-folded light-curve, achieved similar conclusions as Lillo-Box et al. (2014b) , and suggested that the detected dimmings are poorly explained with a secondary eclipse alone. Sliski & Kipping (2014) estimated (also with transit-fitting) the mean stellar density of the star and compared it with the asteroseismic determination. The significant difference found between the two values was attributed to the non-planetary nature of the transiting object.
Therefore, the problem is still open. In this paper, we provide additional and independent confirmation of the planetary nature of Kepler-91b.
Observations and data analysis

Observations and basic reduction
High-resolution spectra were collected during the Kepler observing window of May-July 2012 with the Calar Alto Fiber-fed Echelle spectrograph (CAFE, Aceituno et al. 2013) , mounted on A&A proofs: manuscript no. Kepler91b_RVconfirmation the 2.2m telescope in Calar Alto Observatory (Almería, Spain). The instrument provides an average spectral resolution of around λ/∆λ = 63000 across the whole spectral range between 4000 Å and 9500 Å, allowing nominal radial velocity accuracies at the level of few tens of meters per second for FGK stars.
The exposure time for Kepler-91, a m Kep = 12.5 mag giant star (spectral type K3 III), was set between 1800 and 2700 s, depending on the weather conditions (seeing, atmospheric transparency, etc.). We typically obtained from two to three spectra per night for this object. The signal-to-noise ratio (hereafter S/N) was calculated as the inverse of the root mean square of the spectra over a continuum region without lines centred at 6500 Å (where the efficiency peak of CAFE is located).
In total, 40 spectra were acquired in 20 nights, with a median S/N of 11. Continuum and bias images were obtained for reduction purposes and thorium-argon (ThAr) arcs were acquired after each science spectrum to calibrate the wavelength accurately. All images were processed with the pipeline provided by the observatory (see Aceituno et al. 2013 , for further details on the reduction process). It uses a specific ThAr line list of several hundred features to achieve wavelength calibration with a precision at the 1 m/s level. Every spectrum was wavelength-calibrated with the immediate arc obtained just after the science observation at the same telescope position. The data presented here were taken during the earlier periods of operations of the instrument, when the thermal and vibrational control systems were still not fully operational. . The solid black line shows the fit to the acquired radial velocity data by assuming the period obtained by the Kepler team (Batalha et al. 2013 ) and the small eccentricity derived in Lillo-Box et al. (2014b) using the light-curve modulations (REB). The dotted line represents the independent curve obtained by using the parameters extracted from Lillo-Box et al. (2014b) , using the REB modulations.
Extracting the radial velocity with GAbox
We applied an active cross-correlation method to extract the radial velocity information of the reduced spectra. Zucker (2003) , it is showed that maximum-likelihood parameter determination is equivalent to cross-correlation (see Sect. 2 in that paper). The method assumes that the observed spectrum, f (n), can be modelled by a template, g(n), scaled by a constant (a 0 ), shifted by a determined number of bins (s 0 ) with the addition of random white Gaussian noise with a specific standard deviation (σ 0 ),
. Thus, the natural logarithm of the likelihood function becomes
where N is the total number of bins (pixels) of the spectrum and C is a constant independent of the parameters. The set of parameters [ŝ,â,σ] maximising the function provides the best fit of the modified template to the observations. In particular,ŝ can be identified with the radial velocity of the star. This method assumes zero mean for both the template and the observed spectrum, therefore we subtracted their corresponding means. We used a modified version of our genetic algorithm that we presented in Lillo-Box et al. (2014b) (GAbox) , to find the set of parameters maximising the likelihood in Eq. 1. We used a synthetic spectrum from Coelho et al. (2005) of the same spectral type as Kepler-91 as a template. This improved algorithm searches for the best-fit set of parameters with no need of exploring the whole parameter space (see general details of the method in Lillo-Box et al. 2014b) . In this case, the routine first uses large step sizes of 5 km/s to search for the rough region in which the maximum is located. When this region is found, the step sizes start to decrease gradually (until the 1 m/s level) each time the algorithm finds a maximum in the likelihood function. After the final maximum has been found, the process is repeated G times, with G being the number of super-generations provided by the user (typically G > 20). The final radial velocity of a specific order (ŝ) is obtained as the median of the G convergence values. The upper and lower confidence levels of each G i value correspond to the 3σ statistical uncertainty. The final uncertainty of the calculated RV of the order (σŝ) is computed by bootstrapping all G values with their corresponding uncertainties.
We determined one shift per order (84 in total for CAFE) and combined them to obtain the RV of the star. The final value and its uncertainty were thus computed by the median of all orders and bootstrapping the individual results to obtain 3σ errors. Table 1 summarises the observing characteristics (Julian date, exposure time, S/N, and phase) as well as the RV values for each epoch obtained as explained in Sect. § 2. In Fig. 1 , we show the phase-folded RV data.
Results
Prior to fitting a Keplerian orbit to the RV data, we performed a Lomb-Scargle periodogram (Fig. 2) to check whether we detect the planetary signal at the expected period (T = 6.246580 ±0.000082 days as determined by Batalha et al. 2013 ). We restricted the period search to a specific range. The longest period explored was set to the longest time span between our observations (i.e. T max = t max − t min = 62 days, where t max and t min are the earliest and latest Julian dates in our observations). Since the observations are unevenly separated, the shortest period searched was set to the median of the inverse time interval between data points, as was proposed by Debosscher et al. (2007) and Ivezić et al. (2013) , T min = ∆t = 2.8 days 1 . The significant peak in the power spectrum (with a false-alarm probability 2 of FAP = 0.09%, over the 0.1% level) coincides with (Wright & Howard 2009 ) and its additional package BOOTTRAN for parameter uncertainties estimation with bootstrapping (described in Wang et al. 2012 ) to fit our RV data to a Keplerian orbital solution. Since we have extensive observations of its transit, the period of the transiting object can be far more accurately determined by the transit analysis. Thus, we decided to fix the period to that provided by Batalha et al. (2013) . Because of the relatively large uncertainties in the RV and incomplete coverage of the RV curve, we also decided to fix the eccentricity of the orbit to the slightly non-circular value determined by Lillo-Box et al. −0.017 . The free parameters for this fitting were the semi-amplitude of the RV variations (K), the systemic velocity of the system (V sys ), and the orbital argument of the periastron (ω).
We used the asteroseismic determination of the stellar mass of the host star by Lillo-Box et al. (2014b) , M ⋆ = 1.31 ± 0.1 M ⊙ , to obtain an accurate value of the minimum mass of the transiting object (i.e M p sin i). Moreover, we know that the orbit of this planet is highly inclined with respect to our line of sight. The inclination was also provided by Lillo-Box et al. (2014b) (i = 68.5 +1.0 −2.0 degrees) and is supported by previous light-curve analysis such as Tenenbaum et al. (2012) , who derived i = 71.4 ± 2.5 degrees, in good agreement with our value. Thus, we can directly determine the absolute mass of the orbiting object.
The results of the RVLIN fitting process are shown in Table 2, the fitted model is plotted in Fig. 1 . We investigated the significance of that fit against a constant model (which would imply that we are just detecting noise). We infer a Bayesian information criterion (BIC 4 ) for the constant model and for the RV model of BIC const. = 30.5 and BIC RV = 27.8
5 . This implies a ∆BIC= 2.7, which provides positive (although not strong) evidence for the RV model (positive detection) against the constant model (negative detection). Alternatively, we obtain a value of 12.7 for an F-test with weighted residuals 6 . This value is higher 3 http://exoplanets.org/code/ 4 BIC= χ 2 + k log N, where
RV
, k is the number of free parameters, and N is the number of data points. 5 Assuming a circular orbit, we obtain BIC RV(e=0) = 28.3.
, where p 1 and p 2 are the free parameters of both models (so that p 2 > p 1 ), and N the number of data points. than the corresponding value of the F-distribution for a 99% confidence level, F 0.01 (p 2 − p 1 , N − p 2 ) = F 0.01 (3, 36) = 4.38. Thus, we can confirm that the detected RV variability is significant at 99% confidence level with respect to pure noise.
The radial velocity data confirm the Jupiter-like mass (M p sin i = 1.01 ± 0.18 M Jup ) of the object orbiting Kepler-91. Using our previous value for the inclination, the absolute mass becomes M p = 1.09 ± 0.20 M Jup . This result agrees well, within the uncertainties, with the derived mass in the confirmation paper of Kepler-91b (Lillo-Box et al. 2014b 
Discussion and conclusions
The fit to the RV data provides orbital parameters that agree excellently well with those obtained by the photometric anal-A&A proofs: manuscript no. Kepler91b_RVconfirmation Notes. Parameters below the horizontal line are derived from those above.
(a) Assumed parameters and the method used to determine them. Parameters: e (eccentricity), P (period), M ⋆ (stellar mass), i (orbital inclination), R p (planet radius), and R ⋆ (stellar radius). Methods: AS = asteroseismology , TR = transit fitting , REB = light-curve modulations fitting. Assumed values are taken from Lillo-Box et al. (2014b). ysis provided in the confirmation paper 7 . Thus, we present independent support of the planetary-mass of the object transiting Kepler-91. Moreover, the transit and asteroseismic analysis yield a radius of the transiting object of R p = 1.384
These results disagree with Esteves et al. (2013) and Sliski & Kipping (2014) . The former was already discussed in Lillo-Box et al. (2014b) (Sect. 5.2) , where several arguments were given against the proposed self-luminous scenario for Kepler-91b. In brief, Esteves et al. (2013) derived a mass for the transiting object of 5.92 +0.68
1.12 M Jup and obtained discrepant day/night-side and equilibrium temperatures based on a claimed detection of the secondary eclipse. However, as we noted and Angerhausen et al. (2014) concluded as well, the detection of the secondary eclipse is neither clear nor conclusive. Moreover, given their derived mass for this companion with a Jupiter-like radius, it is difficult to explain their proposed stellar nature. These types of objects are only found in very young stellar associations (with ages younger than 10 Myr) such as Collinder 69 or σ-Orionis. Thus, even assuming their derived higher mass, this proposed false-positive configuration can be ruled out.
The alternative explanation provided by Esteves et al. (2013) suggests that the system is actually an eclipsing binary diluted by a contaminating third stellar source, a foreground or background star. However, Lillo-Box et al. (2012 , 2014a provided high-resolution images of this system (among other Kepler candidates) to rule out this and other configurations. According to Sect. 4.1.2 of the latter paper (based on Law et al. 2013) , the planetary transit of Kepler-91b cannot be mimicked by the presence of a diluted star fainter than the transited star. Only a blended source with a very small radius that is brighter than the transited star can dilute the binary eclipse and mimic a planetary transit. However, in the high-resolution image obtained by Lillo-Box et al. (2014a) we did not find companions farther away than 0.1 arcsec. Thus, the probability for an undetected chance-aligned source brighter than 12.5 magnitudes and closer than 0.1 arcsec is lower than 10 (derived by Huber et al. 2013) , with the observed value ρ ⋆,obs = 43.47 +0.67 −3.35 kg/m 3 derived by them directly from transit fitting. Based on the large discrepancy between the two values, they concluded that to explain this disagreement, the orbit of the planet would have to be highly eccentric such that the planet is essentially expected to be in-contact with the star. Basically, their derived observed stellar density corresponds to a semi-major axis of the companion of a/R ⋆ = 4.476 +0.023 −0.118 , similar to that of Esteves et al. (2013) , a/R ⋆ = 4.5. The authors claimed that the two determinations of the semi-major axis are independent, but they both used the same set of photometric data and the same observational effect (the transit signal).
Instead, we have determined the semi-major axis of the orbit by using three truly independent observational effects, namely the transit fitting (a/R ⋆ ) transit = 2.40±0.12 (also supported by the previous analysis of Tenenbaum et al. 2012) , light-curve modulations in the out-of-transit region (a/R ⋆ ) REB = 2.45 +0.15 −0.30 , and the current radial velocity analysis (a/R ⋆ ) RV = 2.48 ± 0.12. All three estimations provide autonomous and coincident measurements of the semi-major axis. As stated by Sliski & Kipping (2014) and already pointed out in Lillo-Box et al. (2014b) , this lower value implies an observed stellar density that agrees excellently with the asteroseismic analysis, thus confirming the planetary nature of the object orbiting Kepler-91 and rejecting the self-luminous scenario. Possible explanations for the large discrepancy of the other determinations of a/R ⋆ might involve some assumptions when fitting the transit. They both assumed i) a circular orbit, while we found that the shape of the ellipsoidal variations need a non-zero -although low-eccentricity, and ii) a spherical shape for the host star, which does not apply here since we clearly find light-curve modulations due to deformations of the stellar atmosphere.
The results presented here, together with the original confirmation paper (Lillo-Box et al. 2014b) , provide strong evidence for the planetary-nature of Kepler-91b. Finally, this is the first planet confirmed from CAHA using CAFE, and we have proved the capability of this instrument for this type of research.
